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Abstract 
Near infrared spectroscopy was applied for determination of adulteration of soy sauce with brine. Thirty samples with 5 brands 
were bought from department stores and flea markets. Five samples were fabricated of 20% w/w brine, mono sodium glutamate 
and black soy sauce. Thirty five samples of 7 levels of 20% brine adulterated (10, 20, 30, 40, 50, 60 and 70%) were prepared. 
Each sample was scanned with FT-NIR spectrometer. A PLS regression model for percentage of brine adulterated provided R2, 
RMSEP, RPD and bias 92.73%, 6.42%, 4.61% and 3.81, respectively. 
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1. Introduction 
Soy sauce is a fermented food in Asian species that are widely consumed and known to almost all parts of the 
world. Soy sauce is a dark brown liquid, salty and has a specific odor. It has been used as a salty taste of food 
instead of salt and soy sauce has brine as an ingredient. Soy sauce is a fermented food made from soybeans, grains 
(wheat) and minerals. Production process has two types which are fermentation by microorganisms and chemical 
production using acid to digest proteins and carbohydrates. Near infrared spectroscopy (NIR) is a non-destructive 
technique that can determine chemical constituents rapidly that has been used also for detection of adulteration of 
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liquid and solid food such as liquors, virgin olive oils, olives in brine and sandalwood oils. In case of liquors (Chen 
et al., 2014), the samples of age liquor, the high-grade liquor product in China and the samples of low-grade and low 
price were classified using the spectra recorded in the region of 4000-12000 cm-1 at intervals of 4 cm-1. The total 
percentage of correctly objects classified was 97.52%. NIR spectroscopy was proved as an interesting method 
compared with traditional chemical index in classifying olive oil (Sinelli et al., 2010) samples on the basis of the 
varietal origin. In case of olives in brine (Oliveri et al., 2013), NIR spectroscopy using spectra in 4000 - 10,000 cm-1 
range could differentiate the sample set consisted of authentic samples of cultivar Taggiasca, samples of cultivar 
Leccino and samples of cultivar Coquillo satisfactory. For sandalwood oils (Kuriakose et al., 2013), the absorbance 
spectra over 900-2000 nm of pure and blended mixtures of S. album (higher grade) and S. spicatum (used as 
adulterant) sandalwood oils were used for prediction model development to determine the adulteration. The best 
model provided the highest coefficient of determination (R2 = 0.99989) and the lowest root mean square error of 
prediction (RMSEP = 0.00016% v/v) in the test set. The fake soy sauce is easy to make by mixing brine, 
monosodium glutamate and dark soy sauce. However, it was impossible to detect by naked eyes or tasting it without 
sophisticate chemical methods such as high performance liquid chromatography (HPLC). As described, NIR 
spectroscopy is interesting to be worked on this detection. In 2012 and 2013, the police arrested the owner of the 
factories in Samutsakorn province and Nakornnayok province, Thailand, respectively because they produce fake soy 
sauce adulterated with brine (Manager Newspaper, 2014; Kapook, 2014). To date there has been no report on the 
application of NIR spectroscopy to study the determination of adulteration of soy sauce with brine. Therefore, the 
objective of this research was to assess the application NIR spectroscopy for determination of adulteration of soy 
sauce with brine. 
2. Materials and methods 
2.1. Soy sauce samples 
Soy sauce samples used in this analysis were four different groups. There were 70 samples in total. Five samples 
were fabricated as fake soy sauce where the ingredient was 120 g of 20% w/w brine, 2 g mono sodium glutamate 
and 4 g black soy sauce. Thirty five samples of 7 levels of 20% concentration brine (10, 20, 30, 40, 50, 60 and 70%) 
adulterated were prepared. The 15 samples with 5 brands (DS1, R, BC, TC and LV Brands) were bought from 
department stores and another 15 samples with 5 brands (DS1, DSR, PT, DJ and MKG Brands) were bought from 
flea markets, in Thailand. These samples had different manufacturing dates. 
2.2. Near infrared scanning 
Each sample was transferred into a glass vial of 22 mm with a transflection plate made of stainless steel which 
provided a 2 mm path length and scanned by FT-NIR spectrometer (MPA, Bruker, Germany) between 12500 - 3600 
cm-1 with a 8 cm-1resolution, accumulating 32 scans per spectrum using a gold background. All experiments were 
performed at room temperature (25 ± 1 °C). Each sample was scanned in duplicate. All scan results were recorded in 
absorption mode (log 1/R). 
2.3. Pre-treatment of spectrum and NIR spectroscopic model development 
The spectroscopic models for the percentage of 20% w/w brine adulterated of soy sauce were developed by 
partial least squares regression (PLS). The OPUS, v.7.0.129 multivariate analysis software package was used in both 
spectrum pre-treatment and model establishment. The NIR spectra used for model establishment were pre-processed 
in the following way; no pre-treatment, constant offset elimination, straight line subtraction, vector normalization 
(SNV), min-max normalization, multiplicative scatter correction (MSC), first derivatives, second derivatives, first 
derivatives + straight line subtraction, first derivatives + SNV and first derivatives + MSC. A prediction model for 
brine added was developed using spectral data in combining with partial least squares regression, which was validated 
using test set. The optimum model and spectral range was selected based on the coefficient of determination (R2), root 
214   T. Natcha and S. Panmanas /  Agriculture and Agricultural Science Procedia  2 ( 2014 )  212 – 217 
mean squared error in prediction (RMSEP), the ratio of standard error of validation to the standard deviation (RPD) 
and the prediction bias.  
3. Results and discussion 
Fig. 1 shows the raw spectra of fake soy sauce samples and different percentage of 20% w/w brine adulterated soy 
sauce samples. There were obvious peaks at 10314, 8555, 6943 and 5620 cm-1 (970, 1169, 1140 and 1779 nm) 
which were the absorbance bands of water at the first three band and of cellulose at 5620 cm-1 (Osborne, 1986). It 
could be seen that the bands were slightly shifted due to other component such as salt in the samples. The pure water 
bands were at 760, 970, 1190, 1450 nm. At 6934 cm-1 we could see that the NIR absorption was decreased when 
percentage of brine decreased (decreased of water content).  Fig. 2 shows the raw spectra of soy sauce samples from 
different markets in Thailand. There were the same obvious peaks as in Fig. 1 but with slightly shift. At the peak of 
6947 cm-1, it could be seen the order of water content which opposite to salt content of different brands of soy sauce 
samples. In addition, it could be seen the over absorption band between 5000-3600 cm-1 due to the length of optical 
path was too long (2 mm). 
 
 
 
 
 
 
 
 
 
Fig. 1. Raw spectra of fake soy sauce and different percentage of 20%w/w brine adulterated soy sauce samples. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Raw spectra of soy sauce samples from different markets in Thailand. 
215 T. Natcha and S. Panmanas /  Agriculture and Agricultural Science Procedia  2 ( 2014 )  212 – 217 
Table 1. Minimum (Min), maximum (Max), mean, and standard deviation (SD) of percentage of 20%w/w brine adulterated soy sauce samples. 
 No. Samples No. Spectra Max Min Mean SD 
Calibration set 35 70 70 0 31.71 24.49 
Test set 15 30 70 0 19.33 24.20 
 
The minimum (Min), maximum (Max), mean, and standard deviation (SD) values of brine adulterated soy 
sauceare shown in Table 1. The prediction statistics of the PLS model for brine adulterated of soy sauce are shown in 
Table 2. The scatter plot illustrating the reference data (X) and the prediction data (Y) for the percentage of brine 
adulterated of soy sauce model is shown in Fig. 3. The best model developed using first derivative + straight line 
subtraction (17 Pts.) in the range of 9403.8 - 8451 cm-1 (1063 - 1183 nm)  and 6102 - 5446.3 cm-1 (1638 - 1836 nm) 
and 4 PLS factors was obtained with R2, RMSEP, bias and RPD of 92.73%, 6.42%, 4.61% and 3.81, respectively. It 
has indicated that an R2 of between 92 - 96% indicates that a model is suitable for most applications, including 
quality assurance (Williams, 2007). 
Table 2. Statistics of prediction of brine adulterated of soy sauce by PLS models. 
No. Factors Wavenumber (cm-1) Pretreatment 
Calibration Validation 
R2 RMSEE R2 RMSEP RPD Bias 
4 
9403.8-8451 
6102-5446.3 First derivative + Straight line subtraction 92.12 7.08 92.73 6.42 4.61 3.81 
 
Figs. 4 and 5 show plots of the regression coefficients and X-loading for the percentage of brine adulterated of 
soy sauce model. Table 3 shows wave number and bond vibration that illustrated high regression coefficients and 
X-loading of optimal prediction model of brine adulterated of soy sauce. The wave number that illustrated high 
regression coefficients and/or X-loading indicated that the corresponding vibration bands effected the prediction of 
dependent parameter. From this information it showed that different vibration bands of various chemical structure 
effected the prediction of percentage of brine added in soy sauce samples. It could be noticed that NaCl in brine was 
not hydrogen bond (for example, O-H, C-H, N-H and S-H) which had no absorbance band in NIR region. Lin and 
Brown indicated that for dissolved NaC1 in water, the absorbance intensity of the water bands decreased, and the 
band was narrower and shifted to the shorter wavelength (Lin and Brown, 1992). Hence, the correlation between the 
optical data and the NaCl content could be established. The change of NaCl concentration in solution including soy 
sauce could be then predicted by the NIR spectroscopy model. 
Table 3. Wave number and bond vibration that illustrated high regression coefficients and X-loading of optimal prediction model of brine 
adulterated of soy sauce (Osborne, 1986). 
Wavenumber 
(cm-1) 
Wavelength 
(nm) 
Wavelength 
(Osborne, 1986) 
(nm) 
Bond vibration Structure Source (Fig. 2 and Fig. 3) 
9241 1082 1080 2×C–H str.+2×C–C str. benzene Regression coefficient 
9129 1095 1097 2×C–H str.+2×C–C str. cyclopropane Regression coefficient 
8655 1155 1152 C–H str. second overtone CH3 Factor 2 
8551 1169 1170 C–H str. second overtone HC=CH Regression coefficient 
6094 1641 1645 C–H str. first overtone R–CH–CH               O       O Regression coefficient 
6021 1661 1660 C–H str. first overtone cis-RCH=CHR1 Factor 3 
5936 1685 1685 C–H str. first overtone aromatic Factor 1 
5901 1695 1695 C–H str. first overtone CH3 Factor 2 
5882 1700 1705 C–H str. first overtone CH3 Regression coefficient 
5797 1725 1725 C–H str. first overtone CH2 Regression coefficient 
5670 1764 1765 C–H str. first overtone CH2 Factor 1 
5616 1781 1780 C–H str. first overtone cellulose Regression coefficient, Factor 2 
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Fig. 3. Comparison of predicted percentage of brine adulterated in soy sauce by near infrared (NIR) spectroscopy (Y axis) and reference values 
(X axis). 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Regression coefficient plot of brine adulterated of soy sauce model. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. X-loading plot of brine adulterated of soy sauce model. 
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4. Conclusions 
From the results presented in this study, it is interesting that there is a possibility for NIR spectroscopy, a rapid 
and accurate method, to be used as an alternative technique, conventional expensive and time-consuming wet 
chemistry methods, for determination of adulteration of soy sauce with brine. The NIR-based protocol developed in 
this study can be used as the guidance for further development of robust prediction model for salt content in 
determination of adulteration of soy sauce with brine using more natural samples not with synthetic ones. 
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